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The evaluation of crevice corrosion of high alloy stainless steels used in offshore applications is of
major importance as it is one of the most deleterious forms of localized corrosion which may result in
sudden marine corrosion failure. The resistance of UNS S31803 duplex stainless steel (DSS) to crevice
corrosion in natural seawater was evaluated by immersion and electrochemical tests. Artificially
creviced specimens were tested before, during and after immersion in natural seawater under stagnant
conditions for up to eight weeks allowing indigenous marine microorganisms to adhere to the alloy
surface and form a biofilm. The changes in biofilm community structure and the influence of biofilm on
the crevice corrosion of DSS specimens in seawater were investigated at two different exposure times
(4 and 8 weeks) using a combination of potentiodynamic and potentiostatic measurements, surface
inspection and bacterial community profile analysis by 16S rRNA gene PCR–DGGE and DNA
sequencing. Results indicate that our selection approach to evaluate crevice corrosion yields highly
reproducible results. Crevice corrosion was observed only in electrochemically polarized specimens
that had been exposed to natural seawater containing bacteria. The possible mechanisms involved in
the biofilm enhanced crevice corrosion are discussed.
Key words: Crevice corrosion, duplex stainless steel, seawater, biofilms, PCR-DGGE, bacterial
community structure.
INTRODUCTION
Highly alloyed stainless steels have been considered as important alternatives to conventional low
grade steels in aggressive environments. For marine applications, duplex stainless steels (DSS) such
as UNS S31803 are becoming important structural materials due to their combination of high strength,
resistance to localized corrosion and competitive price when compared to austenitic stainless steels,
ferritic stainless steels and nickel based alloys. The performance of alloys in chloride environments is
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generally established under laboratory conditions where parameters such as critical temperatures and
potentials for localized corrosion initiation are determined to predict their performance in an actual
application.1, 2 However, in real service conditions, these alloys may still be attacked due to unforeseen
circumstances.3,4 In addition, during the manufacturing and installation period, the interior of pressure
equipment is exposed to water for hydrostatic pressure testing, ballast and preservation, and this water
can contain some residual bacteria. If unexpected delays occur, this equipment can lay dormant for
extended periods, still containing water, during which the activity of bacteria can increase, as the
effectiveness of the preservation chemicals decays and the seepage of seawater mixes with the
volumes of treated fluids. These bacteria will form biofilms on the alloy surface and will likely promote
electrochemical reactions that lead to corrosion in a phenomenon known as microbiologically
influenced corrosion (MIC). In addition, high resistant alloys such as stainless steel are an ideal
substratum for microbial colonization due to the lack of corrosion products on the surfaces.5 However,
the main concern with highly alloyed steels in seawater is crevice corrosion, a form of localized attack
that occurs within occluded regions or crevices such as those man-made by design (washers, pipe
flanges, joints, etc) or those naturally occurring (deposits, biofouling, debris). Crevice corrosion has
been recognized as one of the most detrimental forms of localized corrosion that takes place under less
aggressive conditions when compared with other forms of corrosion.6 In addition, service failures have
mainly been reported as a result of crevice corrosion, possibly not only because of the complexity in
experimentally simulating the type of crevices found in actual structures, but also because it is almost
impossible to avoid crevices completely in practical operations. These findings highlight the importance
of investigating the crevice corrosion mechanisms of highly alloyed stainless steels in seawater and the
possible relationship between naturally occurring marine bacteria and the corrosion performance of
creviced alloys in seawater, in order to minimize the risk of equipment failures in marine environments.
In this study we evaluated the crevice corrosion resistance of a DSS in stagnant seawater at 20°C by
conducting immersion tests, potentiodynamic polarization scans and potentiostatic determination of the
critical crevice temperature (CCT). In particular, we examined the influence of marine biofilms on the
crevice corrosion initiation, propagation and repassivation of the DSS in seawater. The changes in
community structure during biofilm growth on the alloy surface were studied using denaturing gradient
gel electrophoresis (DGGE) and DNA sequencing to help establish any association between biofilm
community structure and crevice corrosion of UNS S31803 as a function of exposure time. Tested
surfaces were subsequently examined by optical microscopy.
EXPERIMENTAL PROCEDURE
Specimen preparation and test conditions
Artificially creviced coupons of UNS S31803 duplex stainless steel (45 x 45 x 5 mm) were suspended in
natural seawater and maintained at 20°C under stagnant conditions in 10 L reaction vessels for up to
eight weeks (Figure 1). The composition (in wt%) of the steel was: Cr 22.35, Ni 5.72, Mo 3.16, N 0.18,
Mn 1.53, C 0.015. To avoid crevice corrosion in areas other than the crevice formers, samples were
electrocoated using a protective epoxy at the surface area where the spot weld was made for electrical
connection and further covered by epoxy resin. Prior to immersion, specimens were wet-ground to 600
grit finish, degreased with acetone and dried with nitrogen. Crevice assemblies were prepared based
on the design of a Round Robin test7 using PVDF crevice formers and an applied torque of 3 N.m.
Specimens and all pieces for the crevice assembly were soaked in decontaminant solution for 3 hours
and sterilized by immersion in 70% ethanol for 1 hour before exposure. Control experiments consisted
of artificially creviced coupons immersed in sterile seawater (0.22 μm filter-sterilized natural seawater).
Reaction vessels were maintained at 20°C using a refrigerated incubator.
Specimens were removed from the reaction vessel after 4 (t1) and 8 (t2) weeks exposure. Additionally,
freshly ground creviced alloys were electrochemically tested in natural seawater at 20°C (t0).
Electrochemical measurements, biofilm analysis and surface studies were conducted at each exposure
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time. Before surface inspection, coupons were cleaned by following the standard procedure8 and
surface profile analysis was conducted using optical microscopy.
Electrochemical measurements
The corrosion potential, Ecorr, of specimens was monitored daily throughout the immersion period.
Crevice corrosion was evaluated in seawater at 20°C by measuring cyclic polarization scans at the
times t0, t1 and t2 to determine the breakdown potential (Eb) and the repassivation potential (Er) of the
steel as a function of exposure time. Electrochemical tests were carried out in separate vessels using a
three-electrode set up where the steels served as working electrodes, a platinum coated mesh was
used as counter electrode and a Ag/AgCl electrode as reference electrode, RE.9 Polarization curves
were conducted using a forward and reverse scan rate of 0.167 mV/sec. The sweep direction was
reversed when either a current density of 1.5 mA/cm2 or a potential of 1.5 V vs. Ag/AgCl was reached.
The initial and final point of the scan was set at a potential of -0.1 V vs. Ecorr. The Eb was identified as
the potential where the anodic current indicated the onset of transpassivity or stable crevice.10 The Er
was identified as the potential at which the forward and reverse scans intersect, which is the potential at
which crevice corrosion will cease to grow.11 One sample per vessel was kept in open-circuit conditions
to evaluate if crevice corrosion can occur with no external applied potential. In addition, potentiostatic
evaluation of the critical crevice temperature (CCT) of specimens at t0, t1 and t2 was investigated using
a critical temperature electrochemical cell following the standard recommendations.12 To conduct the
CCT test, specimens were retrieved from the reactions vessels at the predetermined exposure time and
placed in the electrochemical cell which was filled with fresh natural seawater. CCT tests were
conducted at an applied anodic potential of +700 mV vs. Ag/AgCl while the solution temperature was
increased from 10°C until the CCT value was reached using a scan rate of 0.03˚C/min. Continuous
stirring of the test solution was used to minimize the temperature lag between solution and specimen.
The CCT test was set to stop when the current density exceeded 50 μA/cm2 for 60 seconds indicating
the onset of crevice corrosion. This value was chosen because it corresponded to a marked deviation
from the passive current density of the alloy at the test temperature.
PCR-DGGE analysis of 16S rRNA gene fragments of biofilm cells
Detachment of biofilm cells was performed as previously described.13 DNA was extracted using a
commercial DNA isolation kit. The bulk 16S rRNA gene was amplified for denaturing gradient gel
electrophoresis (DGGE) using nested PCR approach, which includes two consecutive PCR reactions
with different primers. The primer pairs were 27F and 1492R, and BacV3f-GC and 907R, for the first
and second PCR respectively (Table 1). These primers are general bacterial primers and will amplify
most bacteria but not other microorganisms. DGGE was performed using the PCR-amplified 16S rRNA
gene fragments to characterize the microbial community in biofilms developed on the steel coupons.
The PCR products were mixed with DNA loading buffer and loaded onto 7% (w/v) polyacrylamide gel
(40% acrylamide/bis solution, 37.5:1) with a denaturing gradient of 40-60% urea-formamide (100%
denaturant: 7M urea, 40% deionised formamide) in 1x TAE buffer (2 M Tris base, 1 M glacial acetic
acid, 50 mM, EDTA, pH 8.0). The DGGE was run at 150 V (60°C) for at least 5 hours. DNA bands were
excised from each lane using sterile scalpel blades. The bands were resuspended in 40 μL of sterile
RNase-free water overnight (4°C). Eluted DNA from individual bands was re-amplified by PCR using
primers BacV3f no G-C clamp and 907R. Finally PCR products were visualised by electrophoresis and
sequenced. DNA sequences were compared against reference sequences in the GenBank(1) database
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Figure 2 shows the average Ecorr versus time data of creviced UNS S31803 immersed in sterile
seawater (Control) and in seawater containing bacteria (Test) for 8 weeks. It can be seen that test and
control displayed similar corrosion potential versus time transients until approximately the 40th day of
exposure. During these initial stages of exposure, Ecorr of both test and control was relatively steady
with only a few oscillating periods, which can be related to active–passive stages at the surface.15 After
the 40th day of exposure, Ecorr of the alloy in sterile seawater remained steady until the end of the
exposure whereas the Ecorr of the alloy in seawater with bacteria showed a gradual shift in the negative
direction until the completion of the immersion period. This drop in the corrosion potential toward
negative values has been found to be related to passivity deterioration16 and processes involved in
crevice corrosion initiation.7
Electrochemical parameters and critical crevice temperatures (CCT) identified at the times t0, t1 and t2
are summarized in Table 2. It can be seen that CCT were rather similar regardless of the exposure time
and the presence of microorganisms in the seawater. Initially, the CCT value was expected to be
influenced by the presence of a biofilm through different mechanisms, e.g, release of aggressive
bacterial metabolites inside the crevice, creation of a diffusion barrier for oxygen into the crevice and/or
depletion of oxygen in the crevice solution due to microbial respiration. Any of these mechanisms could
disrupt the stability of the passive film, decrease the likelihood of repassivation, facilitate depassivation
processes and promote crevice corrosion initiation. However, our results show that the CCT of UNS
S31803 remained effectively unchanged throughout the immersion time regardless of the presence of
biological components in the seawater. The stable CCT values observed in different settings may be
due to a number of factors. For instance, a limited abundance of microorganisms on the alloy surface
may have contributed to the availability of oxygen to sustain passivation process on the alloy surfaces.
In addition, nutrients required for bacterial growth may have been exhausted due to the closed
experimental setup. Hence, electrochemical mechanisms are likely to dominate the corrosion
processes and biological activity perhaps had only limited influence on the initiation time for crevice
corrosion. Besides, material properties related to temperature resistance may also play a role in the
conservative character of the CCT. Figure 3 shows some optical images of the surface of UNS S31803
after CCT determination at the completion of 8 weeks of exposure in seawater. Surface inspection at
the crevice boundaries revealed the presence of small areas of concentrated attack and larger
unaffected areas that exhibited only etching. This pattern of attack was found in all the surfaces after
CCT testing regardless of the immersion time and the exposure to bacteria in seawater. Overall, the
potentiostatic method used in this study to determine the CCT of UNS S31803 proved to be a very
practical, simple and highly reproducible technique to evaluate crevice corrosion as a function of
temperature.
Crevice corrosion was also evaluated by measuring the Eb and the Er of UNS S31803 in seawater at
the times t0, t1 and t2 by measuring cyclic polarization scans at 20°C (Table 2). In all cases, passivity
breakdown occurred through transpassive dissolution rather than crevice corrosion17 which means that
passivity breakdown took place after the samples were anodically polarized to potentials above +800
mV. No differences were observed in the Eb regardless of the immersion time and the presence of
microorganisms in the seawater. Similarly, the Er was found to be very positive (~+900 mV) in all cases
except for the specimens exposed for eight weeks to seawater containing bacteria (t2-test). These
specimens displayed an average Er of -227 mV.
The potential versus current density transients obtained by cyclic polarization scans are illustrated in
Figure 4. In this figure, polarization curves at t1 (Figure 4 (a)) and t2 (Figure 4 (b)) are displayed against
t0, which corresponds to freshly ground specimens evaluated in natural seawater at 20°C. It can be
seen that there are no major differences in the scans of t0, and the test and control at t1, except for the
slightly higher current densities found in both t1-test and t1-control as compared with t0. In addition, the
passivation area in specimens tested at t1 was quite irregular and poorly formed as compared with t0
where a well-defined passive film is developed and stabilized during the forward scan (Figure 4 (a)).
Similar results have previously been reported for crevice-free alloys in seawater.13
Figure 4 (b) shows the polarization curves of specimens after 8 weeks exposure. In this case,
polarization curves of t2-control and t1-control were similar, indicating that the corrosion of the creviced
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alloy was not further influenced by the exposure time in seawater under sterile conditions. On the other
hand, specimens exposed for 8 weeks to seawater containing bacteria (t2-test) displayed a
substantially different polarization scan unlike those observed on other specimens/conditions tested in
this study. During the forward scan, the alloy displayed very high current densities until the Eb was
reached at a very positive potential. However, during the reverse polarization, the transient tracked
back along the forward scan for about 300 mV and then the current started to increase and remained
fairly constant while the potential decreased. This resulted in the late formation of a hysteresis loop and
very active metal dissolution. Finally, the repassivation potential was reached at a negative potential (-
227 mV). The reason for this is unclear yet but a possible mechanism involving the formation of soluble
transpassive corrosion product species that induce a gradual acidification of environment inside the
crevice sufficient to initiate crevice corrosion may be proposed.18 However, as this was not observed in
our control experiment, the mechanism that took place was most likely the result of the interaction
between the transpassive dissolution process and the marine biofilm developed on the creviced alloy
during the 8 weeks of exposure to stagnant seawater. Since crevice corrosion is usually considered to
happen if the corrosion potential of a metal in a given environment exceeds the repassivation
potential,19 the phenomenon observed here should be of major concern. Figure 5 shows some selected
surface images of the electrochemically polarized UNS S31803 after eight weeks exposure to seawater
with and without bacteria. Surface inspection confirmed the electrochemical findings with pronounced
crevicing evident only in polarized surfaces exposed to seawater with bacteria for up to eight weeks.
Specimens immersed in the stagnant seawater at 20°C that were not electrochemically tested at the
completion of the immersion time (no external polarization was applied) remained completely
unaffected throughout the exposure period regardless of the formation of a biofilm on the surface as
indicated by surface inspection conducted at the times t1 and t2. Figure 6 shows the surface image of
UNS S31803 after exposure to seawater containing bacteria for up to 8 weeks and that was not
electrochemically tested at the completion of exposure. Since the surface remained unaffected and the
crevice boundaries were not evident, a ring was drawn on the surface to indicate the area where the
crevice former was in contact with the surface during the exposure period (Figure 6(a)). Figure 6 (b) is
an expanded, cross section image of the same surface at the crevice boundaries. Same results were
observed in all specimens that were not electrochemically polarized regardless of the immersion time
and the presence of biofilm.
Microbial community composition by PCR- DGGE and 16S rRNA gene sequencing
The free-living bacteria in the seawater used as test solution as well as the attached bacteria at two
stages of biofilm growth (t1: 4weeks; t2: 8weeks) were examined by PCR-DGGE. DGGE profiles of 16S
rRNA bacterial gene fragments amplified from DNA samples are shown in Figure 7. The number of
individual bands obtained in each lane of the DGGE is related to the number of the major bacterial
populations present in the sample. Each band was excised from the gel and sequenced. The sequence
information is given in Table 3. It can be seen that most of the populations were commonly found in
both the early and late stages of the biofilm growth. As shown in Figure 7, populations represented by
bands 1 and 2 were unique to the free-living community in the seawater and were not found in the
biofilm. In contrast, bands 3, 4, 5, 9 and 10 were only detected in the biofilm but not in the seawater.
One reason for this could be that these populations were present in low numbers in the seawater at the
beginning of the immersion period and their DNA failed to be recovered. However once they colonized
the alloy surface the biomass increased in the biofilm thus enabling them to be detected in the DNA
sample.
It can be seen that the population represented by band 10 existed in the biofilm of t1 but disappeared in
the biofilm of t2. In contrast, the population represented by band 3 appeared only in the biofilm of t2 and
was not found in the biofilm of t1. The shift in the bacterial community structure as the biofilm
developed on the creviced surface suggest that some surface changes could have taken place during
the exposure period. A modified surface could have created a selective environment for the growth of
some particular populations and the dormancy or decrease of others. It is well known that the
mechanism of crevice corrosion involves several steps, including oxygen depletion inside the crevice,
formation of dissolved metal ions with subsequent acidification of the crevice solution, and finally
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electromigration of chloride ions into the crevice.20 Therefore, it is very likely that surface changes in
creviced alloys associated with prolonged exposure times in seawater may have some effect on the
bacterial community structure of the biofilm. In addition, once the bacterial populations were established
they could have enhanced the aggressiveness of the metal-solution interface progressively so that
during the late stages of biofilm growth the passive film of creviced surfaces could become more
weakened and easier to breakdown.
It is important to highlight that crevice corrosion was only observed in polarized specimens (max. 1.5 V
vs. Ag/AgCl) after exposure to seawater containing bacteria for up to 8 weeks (t2-test) and was not
detected in the control (t2-control). In addition, crevice corrosion was either not found in specimens
exposed to seawater for up to 4 weeks, with or without bacteria, or in samples that were not
electrochemically polarized at the completion of exposure regardless of the presence of
microorganisms. Results from the electrochemical testing, immersion tests, surface inspection and the
analysis of bacterial community structure in biofilms of artificially creviced UNS S31803 suggest a
relationship between a transition from transpassive dissolution to crevice corrosion and the shift in the
community structure in the biofilm from t1 to t2. In addition, our results suggest that crevice corrosion
was exclusively triggered by the external potential applied. The effect of applied potential on biofilms
developed on metallic surfaces has been noted previously 21, 22 but is not well understood. Studies on
bacterial adhesion show that bacteria in aqueous suspensions are almost always negatively charged 23
so it is expected that bacteria are further attracted to anodically polarized electrodes. These
electrostatic interactions between surfaces oppositely charged will favour irreversible adhesion. From
our results, it appears that the applied potential we used altered the biofilm/passive film interactions in a
way that induced crevice corrosion initiation, i. e., the applied potential could have disrupted the oxide
layer on the steel surface sufficiently to permit the microorganisms already present in the overlying
biofilm to gain access to the metal. Once in contact with the steel the microorganisms may have made
repassivation more difficult. Alternatively, the biofilm on the specimens may have responded to that
applied potential and acted as a catalyst for the initiation of crevice corrosion. On the other hand, the
biofilm developed at t2 could have induced changes in the passive film structure thus creating a more
active surface as indicated by the active corrosion potential and the passive current densities measured
at the late stages of the biofilm growth. These surface changes could have assisted depassivation and
crevice corrosion initiation in the presence of aggressive transpassive corrosion product species formed
in the surface of specimens polarized at the potential of the transpassive state.
CONCLUSIONS
 The CCT of freshly ground UNS S31803 in seawater was found to be 38.22°C ±0.06 using a
potentiostatic method. CCT values were not affected by exposure time and by the formation of a
biofilm on the surface.
 Crevice corrosion occurred only in UNS S31803 specimens electrochemically polarized to 1.5 V
after 8 weeks exposure to seawater at 20°C containing naturally occurring marine bacteria. These
specimens displayed very positive Eb values and negative Er values. Crevice corrosion did not take
place in UNS S31803 specimens electrochemically polarized to 1.5 V (Ag/AgCl) that were expose
only to sterile seawater at 20°C regardless of the immersion time.
 Crevice corrosion did not occur in specimens exposed to seawater at 20°C that were not
electrochemically polarized at the completion of the immersion period regardless of the exposure
time and the presence of marine biofilms.
 There was a shift in the bacterial community structure as the biofilm developed on the surface of
creviced UNS S31803 in seawater. Modifications in the surface of creviced alloys as a function of
immersion time may have induced changes in the bacterial composition in the biofilm.
 Results from electrochemical measurements, surface inspection and the biofilm community structure
relationship between the transition from transpassive dissolution to crevice corrosion and the biofilm
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developed at the late stages of exposure.  An anodic potential was necessary to achieve the
conditions to initiate crevice corrosion in the presence of biofilms so it seems that crevice corrosion
was exclusively triggered by the external potential applied, i. e., the applied potential may have
disrupted the oxide layer on the steel surface sufficiently to permit the microorganisms already
present in the overlying biofilm to gain access to the metal and to make repassivation more difficult.
Alternatively, the biofilm on the specimens may have responded to that potential and acted as a
catalyst for the initiation of crevice corrosion. On the other hand, the biofilm may have induced
changes in the passive film structure creating a more active surface that could have assisted
depassivation and crevice corrosion initiation in the presence of aggressive transpassive corrosion
product species formed in the surface of specimens polarized at the potential of the transpassive
state.
 The electrochemical methods used in this study proved to be a very practical, simple and highly
reproducible approach to evaluate crevice corrosion. PCR-DGGE and DNA sequencing analysis of
the biofilm community structure proved to be a powerful method to show the selectivity of microbial
populations in response to changes in the surrounding growth environment such as those induced
by the presence of crevices at the surfaces of alloys in seawater.
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Table 1.
Primers used for PCR amplifications
Primer Amplification target Sequence
27F Bacterial 16S rRNA gene 5’- GAG TTT GAT CCT GGC TCA G -3'
1492R# Universal 16S rRNA gene 5’- ACG GIT ACC TTG TTA CGA CTT -3’
BacV3f* Bacterial 16S rRNA gene 5’- CCT ACG GGA GGC AGC AG -3’
907R Universal 16S rRNA gene 5’- CCG TCA ATT CMT TTG AGT TT -3’
Table 2.
Electrochemical parameters investigated to evaluate crevice corrosion of






























Microorganisms in DGGE bands with the highest homology to the reference sequences in the
GenBank database.
DGGE Band Closest relative % homology/accession number
1 Uncultured marine bacterium 80%/GU235273
2 Uncultured marine bacterium 85%/GU235197
3 - (poor sequence quality)
4 Bacillus clausii 97%/FN397480
5 - (poor sequence quality)
6 Uncultured marine bacterium 90%/FM211111
7 Marinobacter adhaerens 97%/CP001978
8 Marinobacter articus 93%/AF148811
9 Pseudomonas pachastrellae 95%/HQ425676
10 Uncultured bacterium 100%/GQ159187
#Mixed base codes: I = deoxyribose inosine modification (universal base).
*Primers BACV3f-GC had a GC rich clamp (5’- GCCCGCCGCGCGCGGCGGGCGGGGCGGG-3’) on the
5’-end.
*CCT: critical crevice temperature #Eb: Breakdown potential ΔEr: Repassivation potential
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Figure 1: Schematic illustration of the reaction vessels used for experiments
Figure 2: Average corrosion potential Ecorr as a function of immersion
time for creviced UNS S31803 in control and test seawater at 20˚C.
(Control: Filter-sterelized seawater; Test: seawater containing bacteria).
Figure 3: Optical images of UNS S31803 after potentiostatic evaluation of the CCT at 700
mV (Ag/AgCl) at the completion of 8 weeks exposure to seawater containing bacteria. (a)
Unaffected areas at the crevice boundaries. (b) Area of concentrated crevice attack at the
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Figure 4: Cyclic polarization scans of UNS S31803 after exposure to natural
seawater at 20°C. (a) t1: 4 weeks exposure; (b) t2: 8 weeks exposure. t0:
freshly ground specimens.
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Figure 5: Surface images of electrochemically tested UNS S31803 after 8 weeks
immersion in stagnant seawater at 20°C. (a) and (b) areas attacked at the crevice
boundaries after exposure to seawater containing bacteria (Test); (c) unaffected
areas at the crevice boundaries after exposure to sterile seawater (Control).
Figure 6: Surface images of UNS S31803 after exposure to seawater containing
bacteria for up to 8 weeks. These specimens were not electrochemically polarized
at the completion of exposure. (a) Unaffected surface; a ring was drawn to indicate
the area where the crevice former was in contact with the surface during the
exposure. (b) Expanded, cross section image of the same surface at the crevice
boundaries displaying no signs of crevice corrosion.
©2012 by NACE International. Requests for permission to publish this manuscript in any form, in part or in whole, must be in writing to NACE International,
Publications Division, 1440 South Creek Drive, Houston, Texas 77084. The material presented and the views expressed in this paper are solely those of the
author(s) and are not necessarily endorsed by the Association.
Figure 7: DGGE profiles of 16S rRNA bacterial gene fragments amplified from DNA
samples from seawater and biofilms on UNS S31803. Biofilm community structure
was assessed at 4 (Biofilm-t1) and 8 (Biofilm-t2) weeks of biofilm growth. Each
band is numbered and its sequence information is given in Table 3.
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